Abstract Osteomyelitis of the cervical spine may lead to profound bony destruction. The presented case developed multilevel osteomyelitic destruction of the cervical spine after decompression due to cervical myelopathy. He could be cured by a multiple-stage procedure: step one: debridement and removal of all anterior implants with vacuum-assisted closure combined with dorsal instrumentation from C0 to T3; step two: anterior reconstruction with expandable titanium cages and plate. The patient regained walking with the aid of a walking frame. The following recommendations are given: multiple stage procedure, extensive debridement and stabilization via an anterior and posterior approach, use of titanium implants.
Introduction
Osteomyelitis of the cervical spine is a rare event representing 3-6% of vertebral osteomyelitis [1, 2, 25] . It is mainly caused by haematogenous spread [1, 2, 5, 25, 28] , but may also occur as a complication of operative procedures [1, 2, 9, 25] . Therapy consists of operative debridement and stabilization either as a single or multiple stage procedure. This is performed via the anterior approach, but it is a matter of debate whether anterior or posterior approaches are sufficient or a 360°stabilization is needed. Combined approaches are advocated in cases with a significant amount of bone destruction [1] .
We present a case of postoperative cervical osteomyelitis with multilevel destruction of the cervical spine which could be cured in a multiple stage procedure using a complex reconstruction with posterior C0-T3 fixation and anterior reconstruction using expandable titanium cages and plating.
Case report

History
The 68-year-old male patient was admitted with progressive tetraparesis due to marked stenosis of the cervical spinal canal from C3 to C6 (Fig. 1) . Surgical decompression and fusion C3-C6 via an anterior approach were performed with PEEK-cages and titanium plating (Fig. 2) . A first operative revision had to be performed 2 weeks later because of suspected infection. Staphylococcus aureus could be isolated and initially treated with ampicillin/sulbactam and meropenem. Formation of recurrent local abscesses led to five more surgical interventions within the next 12 weeks including evacuation of a mediastinal abscess but finally ended with severe tetraparesis, myelomalacia C3-C6 and diagnosis of epidural abscess C1/C2 (Fig. 3) . This was treated by partial resection of the vertebral bodies C3 and C6, complete removal of the implanted material, implantation of titanium-cages C2-C4, C4/C5 and C5-C7 and external stabilization by a halo fixation. Antibiotic therapy was changed to meropenem and linezolid, 1 week later to linezolid, vancomycin and ceftazidim. Despite these efforts, the patient developed signs of meningitis and pneumonia and was finally transferred to our institution for further treatment.
Examination
At admission, the patient showed incomplete tetraparesis sub C4, was intubated and artificially ventilated. CT examination showed the anterior screws, plates, and cages removed and replaced by titanium cages bridging the gaps after corpectomy C3 and partial corpectomy C6 as well as the disc space C4/C5. There was additional bony destruction of the non-fused C7/T1 segment and an epidural abscess C1/C2 (Fig. 4a, b ).
Therapy
Antibiotic therapy was changed to clindamycin, fosfomycin and cefotaxim in order to broadly cover the isolated Staphylococcus aureus. On day 3, we performed dorsal stabilization C0-T3 including C1/C2 fixation according to Magerl and laminectomy C1. The patient was then turned to a supine position, and the titanium cages were removed via an anterior approach followed by opening of the ventral epidural abscess C1/C2 via the C2/ C3 intervertebral space, application of gentamycin-coated sponges and vacuum-assisted direct skin closure (Fig. 5 ). Halo fixation was maintained until day 8. At scheduled revision on day 8, the wound was found without signs of ongoing infection, and final stabilization and closure was planned for day 11 after negative bacterial findings. Ventral stabilization was achieved by implantation of three expandable titanium cages with a diameter of 14 mm, bridging the gap between C2 and C4 and between C5 and T1, respectively. A third expandable cage was implanted in the C4/C5 intervertebral space (ADD, Ulrich medical, Ulm, Germany). Expandable cages were used because of the rigid posterior stabilization that impeded anterior distraction in order to implant rigid cages. The construct was secured by two trapezoidal Caspar plates (Braun Aesculap, Tuttlingen, Germany), the first covering C4-T1 and the second covering C2-C5 with an overlay of the two plates at the C4 and C5 levels (Fig. 6 ). Tracheotomy was performed on day 32.
Postoperative course
The patient made a prolonged but continuing neurological recovery within the next 4 weeks and could be transferred to normal ward 7 weeks after admission to our institution with completely healed cervical spine. Antibiotic therapy could be stopped on day 44. This decision was based on clinical as well as on laboratory criteria. Rehabilitative therapy followed at our institution for three more months. At discharge, the patient still showed residual tetraparesis sub C5 but was able to sit with minor support. Level of strength was 4-5 on the upper as well as on the lower extremities with the exception of the right foot that showed a level 2-3. Swallowing was still severely compromised. Eight months later, the patient lives at home, is able to walk with the aid of a walking frame, and shows slight paresis of right foot extension. There is still dysfunction of the bladder supplied with percutaneous catheter. Implants are stable without dislocation (Fig. 7) .
Discussion
Osteomyelitis of the cervical spine caused by haematogenous spread is a rare event covering about 20% of spinal osteomyelitis [26] . Cloward reported surgical therapy of two such patients in 1978. He performed anterior debridement and fusion and added posterior wiring and fusion in one patient in a single-stage procedure. Satisfactory results could be achieved [5] . Besides haematogenous spread, postoperative infection after scheduled cervical surgery may lead to severe osteomyelitis with formation of epidural abscesses and bony destruction [25] .
Independently of its origin, cervical osteomyelitis requires surgical intervention in the presence of a neurologic deficit, extensive bony destruction, paravertebral or epidural abscess formation and persistent septicaemia [1, 2, 12, 25] . Anterior debridement and spondylodesis seem to be sufficient in cases without instability and severe deformity [6, 10, 13] , but multisegmental involvement or distinct substance loss requires a combined anterior-posterior approach [10, 13, 23, 24] . Most of these reports deal with the thoracic and lumbar spine, but results may be transferred to the cervical spine too [1, 2, 10, 24] .
Some controversy exists whether anterior and posterior approaches should be performed as single or even multiple stage procedures [8, 11, 18, 20, 21, 27] . Isenberg et al. report their experience in 34 patients with reduced general condition. One of these patients had involvement of the cervical spine, but unfortunately his case is not reported in detail. Altogether, the authors advocate a multiple stage procedure. Patients with monosegmentary involvement had ventral debridement as step 1 and ventral fusion/stabilization as step 2. Patients with multisegmentary involvement had ventral debridement and posterior decompression as step 1 and ventral fusion/stabilization as the final step [11] .
Titanium mesh cages as well as titanium expandable cages do not increase the rate of recurrence or persistence of infection and thus can be used for stabilising the infected spine. This is true for the thoraco-lumbar region [7, 14, 16, 18, 19, 24] , as well as for the cervical spine [15] [16] [17] 24] . Furthermore, a direct comparison between autologous iliac bone strut and cages did not show a difference in clinical and imaging outcomes [22] . Safe use of expandable titanium cages has been demonstrated for the thoraco-lumbar region [18, 19] , but has not been reported yet in detail for the cervical spondylitic spine. Figures depicting the use of expandable cages in cervical vertebral body replacement are given in the papers published by Lee [17] and Acosta [1] in 2004 without going into details.
Our patient was transferred in a reduced general condition with ongoing destructive multisegmentary cervical osteomyelitis despite multiple surgical interventions. At admission to our hospital, there was partial resection of the C3 and C6 vertebral bodies, and titanium cages were implanted as substitute of these two vertebral bodies and in the intervertebral space C4/5. In accordance with Isenberg et al. [11] , we decided in favour of a multiple stage procedure.
Step 1 consisted of dorsal stabilization C0-T3 with bony decompression at the C1-level and removal of the implanted titanium cages. The anterior approach was closed with vacuum assistance, and final anterior stabilization could be achieved after one scheduled revision of the VAC system on day 11. Because of the rigid posterior stabilization, we used expandable cages that are reported not to disturb the healing process in the spondylitic thoraco-lumbar spine [18, 19] and the well-established Caspar plating with titanium plates and screws [3, 4] . This led to safe and stable reconstruction and marked neurological amelioration. It has to be reemphasized that we did not use bone graft for anterior as well as for posterior fusion due to the severe infectious state at the beginning. This might be debatable, but we relied on instrumentation alone and did not observe any implant failure up to now. This case demonstrates that even the severely destroyed cervical spine can be cured with the following recommendations: multiple stage procedure, extensive debridement and stabilization via an anterior and posterior approach, use of titanium implants. Systemic as well as local antibiotics shall be used, and in cases with purulent tissue, vacuum-assisted closure is advocated.
